Introduction
In the world, although production of all large meat types have been increasing in absolute terms, in relative terms the portion of global meat types have seen change significantly over the last years (Ritchie and Roser, 2018) . Beef was also affected significantly from this change. Beef, which is an important part of meat production, has also been approximately 22% of total production by decreasing almost half in recent years (FAO, 2017) . In order to avoid uncontrolled reductions in red meat, all parts of the carcass must be evaluated profitable. Generally, in beef carcass the round area (about 22-23% of the total carcass) is more taken for evaluation, while the other parts (about 77-78% of the total carcass) are used as secondary products or process into by-product. This situation causes the becoming of red meat deficit and the increase of prices due to all parts of the carcass could not be evaluated efficiently. Recently, some parts (rib, loin) of this large mass have been preferred more than the muscles belonging the round region (Kukowski et al., 2004) . Each part of the carcass is valuable in terms of red meat providing even if it has different structure. One of these important parts is brisket.
Brisket region is an indicator point in determining the condition score of a beef animal (Kunkle et al., 1994) . Therefore, brisket and chuck areas should be considered in determining the adequacy of the application of fattening, the suitability of the animal and the fattening period. The muscles of this region, breed-specific, have a high characteristic both amount and consumption chance (Kryza, 2013) .
Eastern Anatolian Red (EAR) is an important native cattle breed that had noticable brisket and chuck regions. This breed had been used as a power animal in the processing of agricultural land in the past, since it have large breast area. At the same time, this breed has high adaptation ability and able to evaluate marginal areas (Yüksel et al., 2011) . However, there is still a lack information on different rearing styles and detailed carcass characteristic. Thence, this study is important in terms of the use in normal meat notion of muscles outside the round region muscles in red meat and determining the quality of these muscles and to determine the efficiency of the breed in different environmental conditions and the degree of carcass quality.
In the region, standard fattening system has generally not applied. For this reason, it is important to determine the carcass values under different rearing conditions for this breed and its rearer. This study is conducted to evaluate the muscles of the brisket region of EAR bulls in different ages subjected to different housing conditions and feeding style.
Materials and Methods

Animal, Housing Conditions, Diet and Study Groups
The study was carried out at The Eastern Anatolian Agricultural Research Institute, Erzurum, Turkey (at an altitude of 1.850 m above sea level), and 15 heads (24 m old) and 10 heads (12 m old) purebred EAR bulls were used. The study was conducted in February-June 2017. The animals were randomly assigned to five finishing models according to age, housing conditions, and feeding style. Three groups had been individually kept in pens size of 2×2.20 m inside, and two groups had been kept in outside the barn. The pen size of 8×21 m for 24 m old and 8×15 m for 12 m old. The floor of pans are covered with concrete. The tempareture varied from 16 to 22°C inside, and from -2.2 to -17°C outside. The bulls were divided into five groups and were fed on the diet given in chemical composition in Table 1 . The adaptation period was two weeks. During this period, the animals consumed ad libitum the roughage and the same commercial concentrates. The experiment lasted for 130 days.
The following groups were set: Group1 (G1, in the individual pens inside) consisted of 24 m old bulls (n=5) and fed once daily at 07:30 am. Group2 (G2, in the individual pens inside) consisted of 24 m bulls (n=5) and feed twice daily at 07:30 am and 3;30 pm. Group3 (G3, in the paddocks outside) consisted of 24 m old bulls (n=5) and fed once daily at 07:30 am. Group4 (G4, in the individual pens inside) consisted of 12 m bulls (n=5) and fed once daily at 7:30 am. Group5 (G5, in the paddocks outside) consisted of 12 m old bulls and fed once daily at 7:30 am. All groups were offered ad libitum consumption of the rations with 40% roughage (40% alfalfa hay, 45% meadow hay, 15% wheat straw) and 60% concentrate (20% barley, 20% wheat bran, 10% ground corn, 10% wheat, 8% cotton seed meal, 8% sunflower seed meal, 10% corn bran, 10%molasses, 2.5% ground limestone, and 1.5% salt on a dry matter basis) and clean water. Orts were collected prior to next feeding.
Data Collection and Laboratory Analyses
All bulls were fasted for 12 h and slaughtered at a stateowned abattoir to assess carcass quality. Carcasses were chilled for 24 h at 4°C, after which the left sides were opened between the 12-13 th rib and the longissimus dorsi (LD) was used for quality of carcass according to the standard criteria guided by (USDA, 1989) . The area of Longissimus Dorsi (LD) muscle cross section, the thickness of fat over the LD muscle, and a marbling score were determined at the ribbing site (USDA 1989) . The pelvic fat was weighed, carcass conformation and degree of fatten were determined and some carcass measurements (carcass length, round length, width of the round) were taken. All carcasses were evaluated for yield grade by using a mathematical equation reported by Boggs and Merkel (1984) . The meat samples from brisket region (Musculus pectoralis) were excised from the carcasses at 24-h post-mortem. The pH values were measured cut surfaces of brisket region by direct probe using a SCHOTT, Lab Star pH meter. Colour parameters were determined on brisket region 24 h after slaughter and after 30 min of exposure to the air. Minolta colorimeter device (CR-200, Minolta Co, Osaka, Japan) was used to objectively measure Commission Internationale I' E Clairage lightness (L*), redness (a*) and yellowness (b*), chroma values (C), and hue value (H) on the meat samples (Honikel, 1998) . The scale used for marbling evaluation ranged from 1 to 6 (The scale used for marbling evaluation ranged from 1 to 6 (1 = slight, 2 = small, 3 = modest, 4 = moderate, 5 = slightly abundant, 6 = abundant). The scale used for the degree of fatten (1 = low, 2 = slight, 3 = average, 4 = high, 5 = very high) and conformation (1 = poor, 2 = fair, 3 = good, 4 = very good, 5 = extremely) evaluation ranged from 1 to 5 (USDA, 1989).
Statistical Analysis
The data of meat color, some carcass characteristics and carcass measurements were analysed using the General Linear Model procedure. The Duncan method was applied for comparison of subclass means when F-tests for main effects were significant. Correlation coefficients between the variables that follow different dispersion were determined by Dual Serie Correlation Method. In the statistical analysis was used package program (SPSS, 2015) . The mathematical model in data analysis:
Yij: is the observation of age, housing condition, feding style, carcass and beef quality traits, Ai: effect of treatment groups (i: G1,G2,G3,G4,G5), eij: random error. 
Results
The carcass characteristics and measurements, and meat quality parameters are summarized in Table 2 . Amount of pelvic fat in the animals slaughtered at the age of 24 m old was found higher than that of 12 m old animals (P<0.01). Except G2, amount of pelvic fat is significantly (P<0.01) higher in G1 (6.63 kg) than the other groups. It was lower in the G5 in the study (1.98 kg). Similarly, the differences in the degree of fatten among the groups was significant (P<0.01). G1 had the highest ratio (3.40). In carcass conformation, G3 was found to be statistically different (P<0.01) from other groups and others were statistically similar. Animals with higher conformation scores had more free move, consequently, were housing more large area. The G3 has the highest score, is the lowest G4. The marbling score changed by the age and the feeding style (P<0.01), being the highest for the G1 group. The G3, G4 and G5 had similar marbling score, with structure of "small0" degree. There was a significant positive correlation (0.632**) between the marbling score with the degree of fatten (Table 3) .
Generally, groups with high marbling score and degree fatten found related to higher LD area in this study. The 24 m old bulls have a larger amount of LD area than 12 m old bulls (P<0.01). The G3 group had the highest LD area. In fat thickness, G2 was found to be high (P<0.01) from other groups and others were statistically similar. Yield grade values of the groups had different values numerically and these differences were not significant statistically (P>0.05). In the carcasses found yield grade range 1.19-1.94. Lower carcass yield grade (1.19) in all groups was reported in G3 bulls. The pH as well as meat colour parameters (except L*) haven't significant differences among groups (P>0.05). A muscle pH range from 5.65 to 5.80, and these range for pH was close to normal. High values of pH were observed in G1, G4 and G5 bulls, especially in G1 bulls, 5.80, 5.73 and 5.73 respectively.
Correlation coefficients for the carcass characteristics and measurements, meat quality parameters are summarized in table 3. Yield Grade is related with carcass components such as fat thickness, kidney, pelvic, and heart (KPH), hot carcass weight and LD area [yield grade had with fat thickness (0.428*), degree of fatten (0.447*), and LD area (-0.774**)]. The highest coefficient of correlation (0.281*) was found between pH and colour yellowness (b*). There were not significant correlations between 24 h pH of meat and other colour characteristics were also (L*= -0.140, a*=-0.009, C*=0.046). Moderate negative correlations was observed between carcass conformation and the parameters of meat colour, except H*. There was a moderate relationships between hot carcass and conformation as well as L* (0.553, -0.461 respectively). Degree of fatten was correlated negatively in low degree with conformation and LD area (-0.013, -0.122 respectively). However, it was found significant medium level correlation with carcass length (0.393*).
There were differences among groups for carcass length (P<0.01) and width of the round (P<0.05), but not for length of round (Table 2) .
Discussion
Attributes, such as colour and pH, as well as basic carcass characteristics pelvic fat, degree of fatten conformation, marbling, LD area, fat thickness over LD, Yield Grade are important factors influencing meat characteristics. The G1 produced a higher amount of pelvic fat (3.5% of the warm carcass) than the other groups and the G5 have at the lowest. This ratio is in line with international standards (Anonymous, 2002) . The G3 (by age groups) and G5 (by all groups) made less pelvic fat since they had chance to move freely in the paddocks ( Table 2) . Carcass of younger and more movely EAR bulls is characterized by lower pelvic fat. The findings are higher than values reported by Yüksel et al. (2012) and are a lower than Hollo et al. (2012) .
The degree of fatting is an indigator in terms of effective use of ration and time. Although the G1 was found to be "average", the other groups had a "slight" structure. It is consistent with previous observations (Mezgebo et al., 2017) . The higher degree of fatten in the G1 bulls was due to their feeding style and the in the study may be expect it is more directly related to housing and age differences, given that all animals were exposed to the same environmental conditions. Although degree of fatten did not have significant influence on conformation, LD area, fat thickness over LD and colour parameters were significantly affected by the marbling score. In pH, marbling, fat thickness over LD and colour parameters a positive correlation with degree of fatten was observedfor marbling score it was significant and for LD area and conformation were negative. It may be stated, that in case of higher degree of fatten, beef meat is characterized by richer marbling scor and this fact may influence general beef quality, however, no correlation between degree of fatten and conformation was observed.
European beef producers are paid based on the weight of the animals at slaughter and on carcass conformation and fat cover scores (Tarres et al., 2011) . The G3 had a higher value in terms of conformation, even though it had have lower scorer than the bulls in the same age group in terms of factors such as pelvic fat and degree of fatten. The bulls in this group were fattened in a larger and less stressful environment. The similar situation were also seen in the G5 group. The G3 group have got a score between "good" and "very good". This result is similar with findings of Mezgebo et al. (2017) . On the other hand, while G1 and G5 take a value between "fair" and "good", G4 is between "poor" and "fair". The G1 group showed similarity with results reported by Berthiaume et al. (2006) .
It is detected similarity that G2 group are similarity with findins of Yüksel et al. (2012) (for PF group) and Koonawootrittriron et al. (2011) . Conformation may vary depending on the physiological status, genotype and feeding style of animals. Nogalski et al. (2018) determined, similar with our results, the value of the carcass conformation for milk feeder and nurse cow groups as medium (7 nearly). It did not observe any difference between in the conformation scores of the postweaning and finishing periods in Nuella cattle (Cancian et al., 2014) . Litwinczuk et al. (2012) reported the highest conformation score in Limousin bulls. The findings of these authors are higher than our results.
The marbling score is the strongest beef quality parameter for the carcasses evaluation in many countries (Hocquette et al., 2005) . The treatment groups had divided into two groups in terms of marbling score. The G1 had the highest result in terms of marbling score in groups. The findings showed different from notices of Hollo et al. (2012) and Roberts et al. (2009) . The result found for the G3 were similar to notice reported by Yüksel et al. (2009) , There is a positive relationship between marbling score and conformation. This result has also been confirmed by Park et al. (2002) .
The LD area is a factor that can be affected by the some factors. It was found that the carcass conformation class be efficient on LD area in different genotypes (Nogalski et al., 2013) . Significant influence of nutrition style on the area of LD, which was observed, is consistent with the statement that LD area is influenced by nutrition style (Yüksel et al., 2009) . Hanwoo bulls fed according to the classical method had been characterized by wider LD area (Chung et al., 2017) . Cancian et al. (2014) reported that LD area was larger in non-castrated Nellore bulls. Our research team determined that there is a positive relationship between fattening in free paddock outside and LD area in this study. It may be concluded that LD area can be influenced by factors such as feeding style, ration composition, physiological position of the animal.
In present study, it observed that feeding style and housing conditions caused to carcass fat thickness differences. The G2 was found to have higher values than other groups because of different feeding style (G1, G4), housing conditions (G3, G5) and age (G4). The G3 that has much movement chance have lower values than other groups. In general, the present study is differ to a study of Yüksel et al. (2009) who reported that fat thickness over LD were not differ among control, 4% SBP, 8% sugar beet pulp (SBP). A study reported back fat thickness for concentrate with roughage separately (CON) and total mixed ration (TMR) modals in Hanwoo steers 11.95, 13.95 respectively (Chung et al., 2017) . The present results suggest that gaining optimum fat thickness over LD may be useful assigning specific feeding style and housing condition according to age.
The yield grade values of our study are close to 1 or 2 values. This is an important result. Because, the lower the numerical value of the USDA yield grade, the higher the expected yield of closely trimmed, boneless retail cuts. Thus a yield grade 1 carcass provides the greatest amount of saleable beef while a yield grade 5 is the lowest-yielding carcass (Anonymous, 2013) . According to our findings, yield grade didn't differ among treatment groups. It may be concluded that no differences in yield grade were observed of EAR bulls feeded at differ age and in housing condition (P>0.05). Our findings aren't consistent with previous observations (Chung et al., 2017; Yüksel et al., 2012; Yüksel et al., 2009 ) who reported higher value for yield grade.
Among the carcass characteristics were found correlated in different levels such as high, medium, low or positive, negative. Correlations among conformation, marbling score, LD area, fat thickness over LD, degree of fatten were moderate (R coefficient lower than 0.7), so it may be suggested that any of these values is not the factor influencing analysed beef features. Our findings are different from the reports of Yüksel et al. (2012) .
In the study, pH values became apparent within the first 24 h after slaughter. The most variable factors that may also influence meat quality in the meat production are the weight of animal and pH of meat (Guzek et al., 2013) . The meat pH of an unstressed animal is range from 5.4 to 5.7 (Page et al., 2001) . These ratios are considered normal range. The pH values for our study are range 5.65-5.80. Mezgebo et al. (2017) reported similar results for early and late breeds in 48 h. Page et al. (2001) had found that longissimus muscle pH of 5.87 was the approximate cutoff between normal and dark-cutting carcasses. The pH value for 24 h reported by Nogalski et al. (2013) for different conformation classes is lower than our findings. Normal values of pH may be attributed that for the meat color was not adverse affected the bulls were transported to slaughterhouse stress-free manner. The correlations between carcass conformation and meat colour characteristics estimated by Weglarz (2011) were lower than those obtained in the present study.
Carcass measurements, especially the carcass length, are important since they affect the amount of precious muscles. A positive correlation in among conformation, LD area, marbling score and degree of fatten with the carcass length was observed -for carcass length it was significant these correlations. It may be stated, that in case of higher carcass length value, EAR cattle meat can characterized by richer marbling score, wider LD area, moderate degree of fatten, fitting conformation and this fact may influence general beef quality, excluding fat thickness over LD. On this matter, the authors reported different opinions. Although the feeding style is similar, it has been reported that the carcass length may vary according to the genotype (Litwinczuk et al., 2012) . It was reported (Zhang et al., 2016) that the carcass length measures detected in a study with Yak had be higher than findings belonging to this study but the width of round and length round were lower from them. Pazdiora et al. (2013) reported also lower values than our results for the carcass length.
In this study, in carcass quality traits, L* value found significantly lower in the bulls G1, G2 and G3 groups than those G4 and G5 without affecting the other meat color parameters (b*, C*) among all groups. This result might be attributed to age and to feeding at lower temperatures during fattening periods. It is confirmed by observations of Weglarz (2010) who found higher values of L* in the winter season for all cattle categories, excluding meat of cows. Some authors have also reported that the parameter L* might varied according to the feeding model. L* colour score was found lower in Hanwoo bulls fed concentrates with straw (Chung et al., 2017) . In components of colour, it was significantly negative correlated a*, c* with L*. On the other hand among L*, b* with conformation, and pH with b* was observed negative correlation. In spite of L* differences, no b* and C* differences were observed in the groups. The authors reported different results according to the characteristics of the treatment material in this matter. Lightness was affected by the interaction between gender and genotip and breed of animals, and L* became higher in Charolais × Simmental bulls and heifers (Bures and Barton, 2012) but not in Holstein bulls based on forage diet (Catrileo et al., 2014) than our results. On the other hand, The L* values of the study conducted by Weglarz (2010) had similar to the G1, G2, G3 groups but found to be lower than G4, G5. The G4 and G5 groups had a more lightness colour. This result may be connected with the fact that are not negative effect of the housing conditions that is resulted from the younger animals. Older animals were characterized by lower values of a* component of colour (Guzek et al., 2013) . This case is confirmed by Weglarz, 2010 , that a less red colour of meat is obtained from older bulls rather than from younger. However, EAR bulls usually have high value red meat (Yüksel et al., 2012) . As a matter of fact, our findings confirm this case. Belonging our results a* parameter was higher than findings by reported Marti et al. (2013) . On the other hand, the C* parameter were found to be lower than the Mezgebo et al. (2017) findings. At the surface of meat, myoglobin in contact with air is oxygenated and exhibits a bright red colour (Geaye et al., 2001) . Brisket muscles have not as depths other some muscles of the carcass (such as round). Therefore, it isn't observed much different between intramuscular colour change and extra muscular colour change in this muscle. Thus, display of meat and shelf life can be longer.
Conclusion
The present study has shown differences among groups at feeding style, house condition, and two fixed ages in relation to pelvic fat, degree of fatten, conformation, fat thickness over LD. The groups 24 m old, had a higher pelvic fat, and LD area than 12 m old. However the groups 12 m old, had a higher L* value than 24 m old. Although groups in terms of fat thickness are statistically similar (except G2), G5 could be considered advantageous than other.
